Purpose: The purpose of this study was 2-fold. One purpose was to develop an automated, streamlined quality assurance (QA) program for use by multiple centers. The second purpose was to evaluate machine performance over time for multiple centers using linear accelerator (Linac) log files and electronic portal images. The authors sought to evaluate variations in Linac performance to establish as a reference for other centers. Methods: The authors developed analytical software tools for a QA program using both log files and electronic portal imaging device (EPID) measurements. The first tool is a general analysis tool which can read and visually represent data in the log file. This tool, which can be used to automatically analyze patient treatment or QA log files, examines the files for Linac deviations which exceed thresholds. The second set of tools consists of a test suite of QA fields, a standard phantom, and software to collect information from the log files on deviations from the expected values. The test suite was designed to focus on the mechanical tests of the Linac to include jaw, MLC, and collimator positions during static, IMRT, and volumetric modulated arc therapy delivery. A consortium of eight institutions delivered the test suite at monthly or weekly intervals on each Linac using a standard phantom. The behavior of various components was analyzed for eight TrueBeam Linacs. Results: For the EPID and trajectory log file analysis, all observed deviations which exceeded established thresholds for Linac behavior resulted in a beam hold off. In the absence of an interlocktriggering event, the maximum observed log file deviations between the expected and actual component positions (such as MLC leaves) varied from less than 1% to 26% of published tolerance thresholds. The maximum and standard deviations of the variations due to gantry sag, collimator angle, jaw position, and MLC positions are presented. Gantry sag among Linacs was 0.336 ± 0.072 mm. The standard deviation in MLC position, as determined by EPID measurements, across the consortium was 0.33 mm for IMRT fields. With respect to the log files, the deviations between expected and actual positions for parameters were small (<0.12 mm) for all Linacs. Considering both log files and EPID measurements, all parameters were well within published tolerance values. Variations in collimator angle, MLC position, and gantry sag were also evaluated for all Linacs. Conclusions: The performance of the TrueBeam Linac model was shown to be consistent based on automated analysis of trajectory log files and EPID images acquired during delivery of a standardized test suite. The results can be compared directly to tolerance thresholds. In addition, sharing of results from standard tests across institutions can facilitate the identification of QA process and Linac changes. These reference values are presented along with the standard deviation for common tests so that the test suite can be used by other centers to evaluate their Linac performance against those in this consortium. C
INTRODUCTION
Treatment delivery systems are capable of complex simultaneous motions which have led to increased quality assurance (QA) requirements. Multiple simultaneous motions along different axes increase flexibility in treatment delivery and can decrease the total time a patient is on a treatment table. These increasingly complex systems require new QA tests and procedures. AAPM Task Group 142 (TG 142) 1 provides guidance tolerance values for individual components of linear accelerators based on the treatment delivery type [conformal, IMRT/volumetric modulated arc therapy (VMAT), SRS]. Users develop their own tests with their own equipment or purchase QA equipment and software to meet that guidance. The clinical physics community faces an ongoing challenge to keep abreast of the latest safety and quality practices as new technologies are developed and clinically implemented. With respect to the types of QA methods, methods based on portal images [2] [3] [4] [5] [6] and dynamic log files [7] [8] [9] have been used to assess the performance of an accelerator. During treatment, the linear accelerator control system records mechanical component positions and monitor unit (MU) delivery. Linear accelerator (Linac) log files can provide supplemental information for evaluating standard delivery methods as well as more recent delivery techniques such as MLC tracking 10 or 4π. 11 Electronic portal imaging devices (EPIDs) integrated into the accelerator are used for patient monitoring, including transit dosimetry, 12 and the digital output format lends itself to automated image processing. Such methods can be valuable for monitoring the performance of the overall system.
Our hypotheses are that we can increase the efficiency of QA with an automated and integrated QA program, and that we can determine expected performance values for a specific type of linear accelerator. This hypothesis was tested by comparing the results of a QA test suite across a consortium of eight institutions. Each center delivered the same test suite at regular intervals on their Linac using a standard phantom created for this collaboration. Collected data were compared within and across institutions. The goal was to assess Linac performance over time and assess the type of information learned from the log file and the EPID. The consortium allows us to test the portability of these tools and to validate a simplified, consistent QA method for current and new treatment delivery systems.
MATERIALS AND METHODS
We formed a multi-institutional collaboration which included eight Varian TrueBeam linear accelerators. The TrueBeam control system has more automation than previous generations of Varian Linacs. [13] [14] [15] The developed test suite emphasized the mechanical requirements of AAPM TG 142. 1 The same suite of QA test fields was delivered on each Linac for four consecutive weeks and at monthly intervals for six months. The sensitivity of each test was assessed by introducing deliberate deviations in the delivered fields and by aligning a simple, standard phantom in the field with EPID images as a reference. Software was developed with  (The Mathworks, Inc., Natick, MA) to automate the analysis of the log files and EPID images. The content of the log files was validated using a combination of mechanical checks and analysis of EPID images. Each institution delivered the test suite on their TrueBeam linear accelerator with one institution measuring on two Linacs. The use of the test suite was parallel to each institution's standard Linac QA program.
2.A. Linear accelerators
The analysis techniques in this work require the trajectory log files, which list Linac component positions as a function of time, and an integrated EPID. The specific tools developed for this study were designed for use on the Varian TrueBeam radiotherapy delivery system (Varian Medical Systems, Palo Alto, CA). The test fields are in DICOM-RT format and could be utilized on other Linacs with similar delivery capabilities with appropriate conversions for any hardware differences (such as MLC type and leaf width). The complete test suite is also deliverable without modification on a Varian iX accelerator equipped with factory-installed VMAT capabilities. The analysis tools and software for this project, however, were customized to the Varian TrueBeam Linac. For photon delivery, the tests included static fields, static gantry intensity modulated radiation therapy (SG-IMRT) fields where only the MLC is in motion, and VMAT fields where the MLC and gantry are in simultaneous motion during delivery. The gantry angle motion can accelerate and decelerate during delivery. In this study, we used 6 MV photon beams. Among the eight accelerators, five have the HD120 MLC and three have the Millennium MLC. Both models have 120 leaves, 60 in each bank. Each bank of the HD120 model contains 32 narrow central leaves projecting to 2.5 mm at isocenter and 28 outer leaves projecting to a width of 5.0 mm (except for the outermost leaves). The Millennium MLC contains 40 central leaves in each bank projecting to 5.0 mm and 20 outer leaves projecting to 10.0 mm width. DICOM-RT plan files were developed for a standard machine and each MLC type (Millennium or HD120). The files were provided to each institution with substitution of local machine ID. Files could be used for delivery in clinical mode or file mode.
The TrueBeam system determines the positions of mechanical components using the primary resolvers 25 and encoders which are part of the feedback system that controls the motors that drive motion. The recorded gantry angle, in particular, is determined by a digital encoder. The control system records these values at 20 ms intervals and saves them, along with the expected (planned) values, to a trajectory log file at the end of each delivery. The log file records couch, collimator, gantry axis, MLC leaf positions, and MUs. Analysis tools were developed to validate trajectory log file data directly against EPID measurements and to evaluate the performance of multiple accelerators over time. The recorded values can be compared with baseline or expected values. The trajectory log files are typically several megabytes, resulting in several gigabytes per week for a typical patient volume. Consequently, the TrueBeam system periodically purges trajectory files based on file age and total number of files. Participants were instructed to ensure that the trajectory log files created during delivery of the QA tests were recovered for analysis before deletion.
For the log file data to be used as a supplemental part of a QA program, independent checks of the validity of the recorded axes' positions and MU are necessary. In this work, EPIDs were used to verify the log file data.
The TrueBeam gantry includes an integrated EPID perpendicular to the treatment beam. The model AS1000 EPID has a resolution of 1024×768 with a pixel size of 0.392×0.392 mm. All images in this study were acquired at a source-detectordistance of 150 cm. Each image was flood-and dark-field corrected and the values of bad pixels were replaced with averages over neighboring pixels.
2.B. Phantom
A simple phantom was created to establish the geometry of the EPID images, to standardize the tests, and to enable automated analysis. The phantom was constructed of Lucite into which 2-mm diameter steel balls were embedded (Fig. 1) . The steel balls serve as fiducials to allow the determination of the field position against a fixed coordinate system. The fiducials are arranged in a 3D pattern with a central ball located at isocenter. Scribe marks were made on the central axis of the phantom (top and sides) to aid in the setup and alignment of the phantom in the treatment room. Two different types and thicknesses of plastic (yellow and white squares in Fig. 1 ) were attached to the Lucite to determine contrast to noise ratio (outside of the scope of this work). The manufacturing tolerance was a 0.025 mm. CT imaging with 1 mm slice thickness was used to verify the phantom density and to verify the depth of the fiducials.
2.C. Analysis algorithms and software
We developed software in  to automate the analysis of both the log files and images. For the log file analysis, we define deviation as the actual value minus the expected value. The magnitudes of those deviations were then compared with a subset of tolerance limits from Tables II to IV of the AAPM TG-142 report. 1 When specified, the more stringent tolerances for SRS/SBRT were used.
In addition to performing QA checks, the developed software can display time series or integrated information on component positions. Leaf positions and leaf position deviations can be displayed. Similarly, collimator angle, gantry angle, and couch positions and deviations can be plotted. Figure 2 shows some examples of such plots for delivery of a sliding window field.
Each participant submitted the log files and EPID images associated with delivery of the QA test suite described in Sec. 2.D. For each Linac component, the deviations were calculated for each snapshot. The maximum and standard deviation of the difference between the expected and actual value were then determined for each parameter. The precision of the reported data in the log file is orders of magnitude below the tolerance limits defined in the TG-142 report. The validation is limited to the tools used for the independent assessment. For example, gantry angles have a precision of 0.007
• and MLC leaf positions, 3 µm. These positions and angles must be validated in order to be part of a QA program. By comparing fiducial positions and field edge positions, leaf and collimator positions and angles can be calculated with respect to a fixed location in space.
In this study, EPID images of the treatment field with the phantom in place are used to determine leaf and collimator positions with respect to a fixed phantom. Any offset in the setup of the phantom could be accounted for by the image analysis. The images of the phantom with its fiducials serve as part of the validation of the information in the trajectory log file. To facilitate automation, we have also created software to identify image files associated with test fields and automatically analyze those images. The images are examined to locate (i) phantom fiducial markers, (ii) collimator defined field edges, and (iii) MLC leaf defined field edges. The image analysis algorithms are customized for both types of MLCs used in this study.
The phantom fiducials are located using the  implementation of the Canny edge detection algorithm. The threshold for edge detection is adjusted until all of the 17 steel balls in the phantom are detected in the image. For jaw-defined fields, the field edges are the interpolated position where the intensity is the average of in-field and out-of-field intensities. The field edges are then fit to a line, and jaw positions and collimator rotations are determined from the field edge lines. Several of the tests evaluate the accuracy of leaf positions. For each leaf pair, an intensity profile in the direction of leaf motion and the average is calculated across the central third of the width of each leaf. For fields with larger leaf gaps, the leaf edge position is calculated and reported as the peak in the intensity gradient parallel to the leaf. For fields where leaf pairs have a narrow gap, as in a picket fence test, the leaf positions are calculated instead by locating the local peak in the intensity profile. 2, 16 The leaf edge positions from each member of the leaf pair are then identified as the peak position ± half of the FWHM. The EPID area confined the images to the central 36 leaf pairs of the Millennium MLC and the central 52 leaf pairs of the HD MLC, and only those leaves are included in the imaging analysis. Figure 3 shows the leaf positions detected in a picket fence test image.
We also use the image analysis to automatically calculate shifts in the radiation field at the cardinal gantry angles. Sag is due to gravitational torque on the gantry. We quantify the sag as the change in the field center with respect to the phantom center (at isocenter) between a gantry angle of 0
• and 180
• (using the IEC standard). In moving from 0
• to 180
• , the field shifts along the gantry rotation axis away from the gantry. 17 The location of the phantom is determined from the location of the central ball bearing on the EPID image. The field position is determined from the location of the field edges.
We also calculate a shift in the radiation field in the vertical direction. The vertical shift in field position is defined as the difference between radiation field positions (with respect to the phantom) at gantry angles of 90
• and 270
• . The phantom and field positions are determined in the same manner as is done to determine gantry sag. 
2.D. Test fields and phantom
The test suite was developed to evaluate collimator and MLC deviations for conformal, IMRT, and VMAT delivery techniques. All of the MLC IMRT tests (Table V of TG 142) and collimator rotation and jaw position tests identified in the TG-142 report are included. Dosimetric, mechanical, safety, and respiratory gating tests are not part of the current test suite. The test fields were designed in ARIA 11 (Varian Medical Systems, Palo Alto, CA) and exported to each center in DICOM-RT format. All fields use a 6 MV photon beam. There were 21 delivery fields and 4 setup fields.
The EPID on each Linac was calibrated in the manner specified by the manufacturer, by acquiring a flood and a dark field image. To account for differences in the calibration settings and off-axis profiles, the first field delivered in the test suite is a flood field. The EPID response to this field is used to normalize EPID images for consistent analysis of data from each Linac, regardless of institutional factors. EPID images are normalized using the software developed in  so that this flood field creates an image which is radially symmetric about the imager center. Each delivery of the test suite begins with the calibration flood field, which is delivered with no obstruction (table retracted) between the gantry head and the imager.
After the flood field was delivered and the collimator and gantry set to 0
• , a central fiducial is aligned to isocenter in the manner used in regular practice at each institution, either using laser alignment or using crosshairs. Rotational alignment of the phantom is accomplished by aligning scribe marks. The height of the phantom is positioned such that a central fiducial was near gantry isocenter based on either the laser or source-surface distance indicators. The EPID is extended with a source-detector distance of 150 cm. After the flood field, a set of 10×10 cm 2 fields is delivered at cardinal gantry angles. Picket fence tests at the cardinal gantry angles are used to test leaf position and leaf velocity accuracy. MLC transmission images are acquired at gantry angles 0
• and 90
• . Comparisons are made to baseline images. The fields with staggered leaf patterns test static leaf position accuracy at gantry angles of 0
• . The remaining tests combine leaf motion with gantry rotation at both fixed and variable speeds, followed by a sliding window field with a variable dose rate.
RESULTS
The same set of test fields was delivered on each Linac. Test suite delivery and analysis were efficient for all consortium participants, with data acquisition and analysis of EPID images and trajectory log files taking approximately 30 min to complete. In that time, all of the MLC IMRT tests (Table  V) identified in the TG 142 report 1 are accomplished along with additional VMAT tests. The expected values of the Linac components and delivered MU, as recorded in the log files, were identical for each delivery of the field for every participating center. For measurements of leaf positions, and collimator jaw positions, the accuracy with which the parameters were validated was below the TG-142 action threshold. A summary of the results is shown in Table II. EPID images are used to validate the leaf positions recorded in the log files. To do so, deliberate deviations in leaf positions were introduced into a picket fence test. Figure 3 shows an EPID image of the MLC and the calculated leaf positions, with intentional deviations in leaf position indicated by the arrows. We are able to distinguish leaf position deviations exceeding 0.3 mm. Although leaf positions are recorded with a precision of 1 µm, the automated image analysis method cannot validate to this level of precision. It is important to note that the trajectory log files provide data based on the encoders. For routine QA, the data must be validated with a measurement such as with the EPID using the phantom as a reference.
The TG-142 tolerance threshold for segmental and dynamic IMRT error is deemed acceptable if 95% of the leaf deviations are less than 3.5 mm and the maximum error root-mean-square (RMS) is less than 3.5 mm, based on a histogram of timedependent leaf position errors. Since our analysis is based on validated leaf positions, we use the more stringent tolerance limit of 1 mm in a picket fence test.
Deviations (the actual minus expected value) in the mechanical positions as recorded in log files are less than the action threshold, often by orders of magnitude. The behavior of the TrueBeam system can be contrasted with that of other systems, where deviations are significantly larger.
14 Trajectory log files show that leaf position deviations remain well below tolerance limit of 1 mm. No leaf deviation exceeding 0.11 mm was recorded except during events where the beam was held off. During events where the beam was held off, the leaf positions satisfy the criteria that the magnitude of leaf position deviation is less than 3.5 mm RMS for 95% of error counts, as listed in the report of TG 142. The largest leaf deviations during delivery of IMRT fields were observed in the picket fence test at a gantry angle of 270
• . As seen in Fig. 4 , the maximum deviations vary little over time but may differ between Linacs. The three Linacs with smaller deviations (1-3) had the Millennium MLC and the others had the HD120 MLC.
The recorded collimator angle showed deviations in the log files that were a maximum 0.0057
• . The collimator angle was also validated by locating phantom fiducials in EPID images. The angle of the field edges was compared with the angle of the phantom. The standard deviation of the difference in field angle from the phantom angle was 0.14 • and the maximum difference was 0.57
• across all institutions and all deliveries. The accuracy with which the collimator angle has been validated is limited due to setup variations.
The largest deviation, as a ratio of tolerance limits, was seen for the gantry angle. The largest deviations in gantry angle occurred during acceleration and deceleration of the gantry during delivery of VMAT fields. Although the gantry angle was not mechanically validated as a standard part of the test suite, measurements of gantry angle form a standard part of independent QA programs at each institution. All gantry angle deviations recorded in the log files are below tolerance thresholds. The maximum gantry angle deviation occurred during acceleration and deceleration of the gantry.
T II. Summary of Linac behavior. The first column describes the Linac component parameter tested. The accuracy with which the data have been validated is listed in the second column. The log file deviation is the average across institutions of the maximum deviation of that parameter. Automated measurements of gantry sag, where the field displacement is assessed along the gantry rotation axis between 0
• , are possible with the use of the phantom and the EPID. Gantry sag was determined by locating the fixed phantom from the EPID data as determined by automated image analysis methods similar to the method by Rowshanfarzad et al. 19 The field positions along the gantry axis at 90
• are intermediate between those at 0 • and 180
• . The sag varied between 0.21 and 0.49 mm with consistent results over time, but with larger variation between Linacs.
The beam central axis lies less than 0.8 mm from the imager center in all cases for all deliveries at all gantry angles, and the standard deviation of that distance varies between 0.21 and 0.39 mm depending on gantry angle, which is similar to that determined by Gao et al.
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Phantom setup variations, while not a component of the Linac, were recorded as well. The lateral and longitudinal displacements of the phantom from field center were −0.07 ± 0.45 mm and −0.06 ± 0.46 mm, respectively. Those variations may arise from human setup uncertainties, or deviations of laser or optical crosshairs from the beam axis. This demonstrates that the phantom was easy to use in a reproducible way and that each institution kept their laser and crosshair alignment well within TG-142 tolerances.
DISCUSSION
Tolerance thresholds to initiate an investigation and possible corrective actions are suggested in the TG-142 report, but other action criteria are left to the institution. 1 A change in Linac behavior, such as poorer performance in positioning of a leaf, may lead the physicist to adjust the equipment even if the deviation is below the clinical threshold to stop treatment. This is analogous to a level 1 action as described in TG-142 report. The criteria to initiate this action depend on the typical behavior of a Linac and whether or not the Linac is used for stereotactic treatments. The establishment of criteria for investigative action can be facilitated by the collection of a larger set of data on Linac behavior which can be achieved by sharing across institutions. The use of standard QA tools and algorithms can facilitate not only expedited QA procedures but also comparison of overall Linac performance.
In some instances, behavior that was acceptable but differed from other accelerators was identified such as for variations in the field shift along the couch. In AAPM TG 119, the authors performed the same tests on IMRT plans with different planning and dosimetry systems. 21 The multi-institutional results were used to establish confidence intervals. 21 This same approach could be used to redesign a QA program with an emphasis on the most sensitive tests. Glide-Hurst et al. demonstrated support of quality through intercomparison of commissioning results for leaf reproducibility, dynamic leaf gap, output, and other characteristics of TrueBeam accelerators at three institutions. 13 In this work, all collaborators used the same phantom and delivery suite for their QA. The current technique was efficient with further time savings possible by minimizing redundancy in the tests or removal of tests that are not required monthly. Other fields could perhaps be modified based on the performance of the Linacs. In this way, guidance could be developed based on performance. For example, the picket fence test results showed that the variations in the leaf position accuracy were largest at a gantry angle of 270
• . With additional data and adequate evaluation, the suite could potentially be reduced to measure at the more sensitive gantry angle weekly and then at all cardinal angles monthly. Alternatively, the physicist could choose to retain testing at the cardinal gantry leveraging the efficiency gains achieved with the test suite and rapid analysis tools (∼1 min).
Agnew et al. validated log files with EPID measurements to assess how their use might fit into a modified quality control program for IMRT. 22 Trajectory log files and EPID measurements were acquired daily for a year to assess the overall MLC performance. With the trajectory log files, they found the MLC positioning accuracy on two TrueBeam accelerators to be 0.004 ± 0.011 mm and 0.004 ± 0.003 mm for static and rotational deliveries, respectively. With their EPID measurements, they found positioning accuracy of 0.000 ± 0.039 mm and 0.000±0.025 mm for static and rotational measurements, respectively. Our results show similar accuracies for trajectory log files, with the exception that we observe larger standard deviations in leaf position during rotational delivery. They also demonstrated the fact that trajectory log files require validation and may provide results different from imaging measurements. Unlike Agnew, we did not find the same disagreement of accuracy between EPID and trajectory log files, possibly since our measurements were made monthly rather than daily. However, it is important to highlight that the trajectory log file alone is not a measurement but rather a supplemental record of the Linac behavior. For any use of log files in a quality assurance or quality control program, we strongly agree that log files must be validated regularly for other uses such as evaluating patient delivery.
The standard deviations in Linac parameters presented in Table III include deviations due to differences between the eight linear accelerators and deviations due to changes over time, except interleaf transmission, where the baseline for measurements is specific to each linear accelerator. The standard deviations of leaf and collimator positions, as determined by EPID measurements, are dominated by deviation between accelerators. When a baseline is established separately for each accelerator, the average deviations are 0.00 ± 0.026 mm for static MLC, 0.00 ± 0.0221 mm for IMRT MLC, and 0.02 ± 0.0417 mm for VMAT MLC positions. These latter values are similar to other published deviations for individual linear accelerators and show deviations that are approximately a factor of 10 smaller than deviations across institutions. 22 As new delivery techniques are introduced clinically, it may be beneficial to have additional information on Linac performance beyond what can be garnered from transit dosimetry measurements combined with cone beam CT information. 23 Trajectory log files can also be used to reconstruct delivered doses for patient treatments. Sun et al. used trajectory log files to verify the treatment delivery for 127 IMRT patients and 51 standard treatments. 24 They developed software to automate the analysis and found the use of the log files to be beneficial in confirming the treatment delivery as a more efficient process than a physics weekly check with inspection of parameter positions by a physicist.
Across institutions, we found that the observed deviations have been stable over time and consistent between institutions with most deviations far below tolerances. The performance of all MLCs was well below the published guidance of TG 142. Differences between the two MLCs from the EPID measurements were small and may be due to small differences in how the leaf identification algorithm works for the different size leaves. The focus in our work was on evaluating the overall performance of the TrueBeam accelerator with respect to published guidance and to provide data on expected Linac performance as a reference for the broader medical physics community. For example, there has been significant value to the radiotherapy community to have a standard set of phantoms and expected QA results for the IMRT commissioning tests designed and made available as part of AAPM TG 119. Delivery and analysis of the EPID images and trajectory log files took approximately 30 min to complete. The estimated time to perform the same set of tests using traditional (nonautomated) methods is between 1.5 and 2 h, excluding analysis time. Meaningful investigation of the results and comparison to baselines would add significantly more time depending on the software used and the type of analysis performed. Additionally, the use of the EPID to quickly acquire a dense, 2D set of data has distinct advantages over competing methods. For example, leaf positions are quantitatively analyzed from the picket fence test rather than only scoring the test results as pass or fail based on visual inspection by the physicist. The test suite allows users to quickly investigate how their machine performs against the baselines established by other users of the same equipment. Action levels and control limits can potentially be determined with an adequate number of measurements over time. Individual tests can also be performed after machine maintenance to confirm proper functioning of equipment prior to releasing equipment for clinical use.
CONCLUSIONS
In this work, we present a test suite and automated analysis tools, and use them to compare the performance of multiple accelerators at different institutions. In all instances, the measured results were well below the thresholds reported in the AAPM TG 142 report. 1 We have demonstrated consistent results in performance based on automated analysis of trajectory log files and EPID images. The analysis, together with the test suite, can be used in a QA program. Mechanical deviations involving the MLC and collimator in particular are directly recorded and deviations between actual and expected values can be directly compared to tolerance or action levels. We have presented statistical information about the actual performance of a group of TrueBeam Linacs and MLCs.
This collaborative partnership points toward broadening our approach to quality control as a community where instead of individual medical physicists reinventing the QA wheel each time a new technique becomes available, we use common tools to permit a meaningful evaluation of overall beam performance. TrueBeam and other Linac users will be able to compare their QA results with the performance achieved within this consortium. This approach can be used for other equipment as well. All but one of the fields in this test suite can be used in their current format for EPID QA measurements for an earlier generation Linac model by the same manufacturer. The test suite can also be modified to work with other manufacturers' Linacs since the tests are all based on those recommended by the TG 142 report. Linacs which are outliers compared to the published results can be quickly identified for corrective action, thereby improving the delivery accuracy. In addition, we have shown improvements through the development of an efficient QA process in a consortium, with data acquisition and analysis of EPID images and trajectory log files taking approximately 30 min to complete. Future work will include the extension of the test suite to encompass more of the monthly tests in the TG 142 report.
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